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ABSTRACT

The structural characteristics of two cross-strike
structural discontinuities (¢csp's) in the central sedinen-
tary Appal achians of West Virginia and Virginia wvere exam-
ined using limted field studies, structural cross sections,
and gravity modelling. Detailed mapping and joint inten-
sity studies were confined to the wvalley and Ridge Middle
Mountain syncline and adjacent Elkhorn Nountain anticline
in Pendl eton County, West Virginia vhere these structures
are intersected by an extension of the Parsons CSD. A
gravity profile across these structures was al so surveyed
and nodelled. Two structural cross sections were con-
structed across the sedimentary Appal achians to conpare
structural features north and south along the length of
the Parsons. CSD.  Additional cross sections' north of both
t he Parsons and Petersburg cSh's were constructed to pro-
vide additional details on - -subsurface Valley and Ridge
structure in West Virginia. Comparisons of the theoreti-
cal gravity with already existing observed gravity data
were made al ong these and other previously published
structural sections through the area.

Detai |l ed mapping along the M ddle Nountain syncline
and Elkhorn Mountain anticline indicates that structura

shortening within the Parsons CSD is taken up =y small and
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more nunerous faults than outside the CSD. Splay faults
cutting the Silurian-Devonian structural lithic unit trans-
fer slip into the Mddle Devonian shal es thickening that
sequence particularly in the nore intensely faulted CSD

Rel ative increases in joint intensity are associated wth
faulted and nore intensely folded rocks so that joint inten-
sity within the CSD is generally greater than outside the
CSD.  Reports from other areas along the Parsons and Peters-
burg CSD's are consistent with this interpretation. A
gravity profile across the area indicates that the Cambrian-
Ordovician structural lithic unit is folded and faulted
beneath the Elkhorn Mountain syncline and that splay faults
have cut through that sequence transferring slip into the
overlying Martinshurg Formation.

A subsurface structural nodel of the Canbrian-O do-
vician structural lithic unit is inferred from structural
cross sections. The Parsons and Petersburg CSD s are ex-
pressed at the surface prinmarily in Silurian and younger
formations. However, the expressions of the CSD s are not
confined to these formations. Al ong the Parsons CSD the
Canbrian-Ordovician unit is tear faulted between the noses
of the Elkins Valley and Deer Park anticlines of the Pla-
teau province and across the plunging noses of the Bergton-
Crab Run and Adans Run anticlines in the Valley and Ridge
Provi nce. The Valley and Ridge segment of the Petersburg

CSD coincides with a transfer zone and inferred zone of
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tear faults in the underlying Canbrian-O dovician struc-
tural lithic unit.

The structural details mapped along the Mddle
Mount ai n- El khcrn  Nount diohd pair and nentioned above
can also be explained if the Parsons CSD in the exposed
Silurian-Devonian structural 1ithic unit is a fault trans-
fer zone. Areas mapped previously by other workers along
segnments of the Parsons CSD in the Plateau and al so alcng
the Petersburg CSD in the Valley and Ridge and Pl ateau
provinces are consistent with the fault transfer Inter-
pretation of structures in the exposed Silurian-Devonian
and higher level structural lithic units along these CSD's.
Thus, the structural characteristics of the Parsons and
Petersburg ¢sb's at all structural |evels can be explai ned

as cross strike alignnments of transfer zones, tear faults,

or bot h,



INTRODUCTION

A. Purpose

Structural discontinuities have heen of 1 nterest

to geol ogists for many years (see Chaptzr I11). The aca-
demi ¢ and econom ¢ importance of an increased unders Landing

of structural discontinuities IS recognized by \Weel er,
et al. (1974, p. 197):

First, the lineaments appear to be anobng

the largest cross strike structures of the
central sedimentary Appal achians.  Thus ,

whet her or noct Gwinn's i nterpretation of

them as tear faults is correct, they are a
fundanental . part of the structural geometry
of that region. fecond, an understanding

of the lineaments IS necessary to interpre-
ting the structural evolutiono fthe cu“t.ral
Appalachlans Third , correct interpretation
of the rock novements that produced the

i neaments czn illurinate tectonic processes
occurring iv the marginal, hydrocarbon-pro-
spective zones of orogens generally Fourth,
lineaments' economic importance arises from
the possibility that such structures nmay
create fracture porosity, interrupt reser-
voirs, create structural traps, influence
migratien of fluids along strike, and affect
the vali di ty of structural extraﬁcﬂ ations

al ong strike. Final iy, because understand-
ing of the lineaments Will increase our know
| edge of orogens genecally, such understandi ng
Wl contribute to the increasingly important
effort to find these smaller, dc“Dgr nor e
subtly hidden reserves of hydr ocar bons t hat
still remain in deforned sedinentary rocks.

The current study is designed, in part, to charac-
terize the structural effects of the Pax-sons CSD on exposed

Devoni an shales cf the Middle Mcuntain syncline of the Valley
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and Ridge province in eastern West Virginia (See Chapter
).  Mich of the current research of the Department cof
Energy's Eastern Gas Shales Project is directed toward pre-
dicting the locations of fractured reservoirs in the gas--
produci ng Devonian Shales. The Mddle Devonian shales
exposed in the Valley and Ridge province are mechanically
similar to the gas-productive Upper Devoni an Brown shale to
the west, beneath the Allegheny Plateau. Field studies o-f
the Mddl e Mountain area W Il Dbe discussed in detail in
Chapter II.

In addition to the field studies , opre-existing
regional structural data on the central sedimentary Avpa-
| achian will be integrated and presented as structural Cross
sections. The construction of these cross sections 2nd
their interpretation are discussed in Chapter IIT. A
three dimensional structural nodel wll be proposed for
the region of the Central Appalachians that includes the
Parsons and Petersburg c¢sSp's. .

I n Chapter TV, theoreticsl gravity will be calcu-
lated for the structural cross sections and will be com
pared to gravity data collected and compiled by Xulander
and Dean (1978). New data collected in the Mddle Moun-

tain area i1s also nodell ed.

Suggestions to future workers ..be made in

Clhapler V.
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The major conclusions of tnhe work presented here

wll be outline? in Chapter VI.
B. Terminclog:

The descriptive term cross-strike structural dis-

continuity (or CSD) is introduced by Wheeler, et al. (1978),

and defined by Weeler (1980, in press) as

...structural. . .alignments, at hig'n angles
to regional strikes, that are recognizable
because they disrupt strike-parallel struc-
tural, geophysical, geocmorphic, sedimenta-
| ogi ¢ or ot her patterns.

~

Two zones of cross-strike structural discontinuit

7

in
northeast West Virginia were named the "Parsons .1 ne asent"
and the "Petersturg disconcinuity" {(Wheeler , et al_, 1974) .
Wheel er (1985) discusses cross-strike scructural discon-
tinuities (CSD's) and cormonly refers to the Parsons znd
Petersburg cross-strike structural discontinuities as either
structural, lineaments Or as just lineaments. Thus , it
seens permssible to choose = shortened form of descriptive
termonce it has been escablished that one is referring to

a cross- sfri lve structural discontinui ty when using that
shortened form. Because this report discusses a cross-
strike alignment of discontinuities of various structural
features wthin trhe Pal eozoic sedinmentary cever in the Valley
and Ridge and Plateau provirnces 0f West Virginia and Virginia,
the use of the texrm Ccross-strike structural discontinuity

Is preferred. Use of the shortened form lineamert is not
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preferred, since the term lineament often carries with

it the connotation of LANDSAT, U2, or short air-photo
l'ineament. Al though LANDSAT and U2 lineaments are asSoOC-
lated with the Parsons and Petersburg CSD s (Trumbo, 1976;
Wieel er, ¢t al, 1976), no one such lineament Or group Of
lineaments coincides witk the krown or inferred extent of
these CSD's. Further, LANDSAT, U2, and short airphoto
linesments are not the concern of this study. Hence, toO
avoid the possibility of any confusion with these types
of lineaments, the shortened form--structural discontin-
uity, or just discontinuity-- is often used here. ‘Vhere
the Petersbury and Parsons Csh's are referred to specifi-

cally, the abbreviation CSD is aiways used.

C Pr evi ous %ork

1.  The Parsons Structural Discontinuity

Alignments of structural discontinuity presently
associated wth part of the Parsons CSD (Figure 1) were
previously recognized by Gwinn(1964). Detailed mapping
along the Parsons CSD by Henderson (1973), Wheeler and
others (1974), Mullennex (1975), and Trunbo (1976), indi -
cate that winor and internmedi ate-scale folds are nore
abundant northeast of and within the Parsons CSD in the

Pl at eau province of eastern Tucker County, West Virginia.

A zone ot disruption in dip contours is used t0 define
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the width of the discontinuity (Wheeler, et al. (1976a).

The Parsons CSD has al so been recognized on LANDSAT
| magery as two parallel northwest-trending LANDSAT linea-
ments (Weeler, et al 1976a). Trumbo (1976) and \Weel er,
et al (1976a) slso report that the zone between these two
LANDSAT phot ol i neanents contains photolineanents observed
on U2 color infrared imges which have significantly differ-
ent trends than those to the northeast or southwest.

An alignment of fold term nations can be observed
i n Rocki ngham County, Virginia (Rader and Perry, 1976a,
1976b). The Parsons CsSD has been extended along = more
southeasterly trend than Guwinn's |ineanent through Pendle-
ton County, West Virginia (Figure 1) , to include this align-
ment of fold term nations (itheeier, 1978). The expression
of the discontinuity in Pendleton County is conparatively
subtle in terns of regional structure. However, Wilson
(1979) has shown that internmediate-scale folds and reverse
faults are nore abundant within the discontinuity and die
out to the northeast, where the proposed extension of the
di scontinuity crosses an outcrop belt of the Middle

Devoni an shal es.

2. The Petersburg Structural Discontinuity

The Petersburg CSD appears to intersect the Parsons

CSD in the eastern Plateau province, in a rugged area mapped
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only by Reger (1921) (Figure 1). The Parsons and Peters-
burg CSD's are similar in many respects, and their origins
and devel opments may be intimately related. Sites (1978,
p. 26) says the follow ng about ths Petersburg CSD:

The Petersburg |ineanment is not a sinple

transverse fault. Instead, three factors

are observed that coincide with the |oca-

tion of the lineament: (1) plunge of anti-

cline into synclines; (2) the existence of

several small, lineament parallel cross

faults mostly with a left lateral, strike

slip nmotion; and (3) increased |ongitudinal

faulting and folding with the non-cross

fault controlled water gap.

Asw th the Parsons CSt, the width of the Peters-
burg CSh is defined by disruptions in dip contours {(Sites
and Weel er, 1976; McColloch, 1977; Sites, 1978). Sites
(1978) also notes considerable geomorphic expression of
the Petersburg CSD, disruption in fold patterns, an in-
crease in longitudinal jointing in fold noses, changes in
stratigraphic thickness across the discontinuity, and ex-
pression as a LANDSAT |ineanment. \eeler, et al. (1979)
have presented 2 tabul ation of the phenomena which char -
acterize these discontinuities and others found in the
central and southern Appal achians, the Andes, and the

Irish Cal edoni des.

3. Systematic Jointing Wthin _D.scontinuities

Recent techni ques devel oped by Vialon, and others
(1976) and nodified by Weeler (1.979) have been used

successfully to show that the Parsons and Petersburg CSD's
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are nore intensely jointed (D xon, 1979; Wheeler and

Di xon, 1980). The most closely spzced joint set within
these discontinuities IS the set whose strike parallels
the trend of the discontinuity (Dixon, 1979). Jo imt
intensity studi es have been very productive thus far.
Many of the characteristics of jointing can be associated

Wi th detachment tectonics. However , the presence ¢f in-
creased joint intensity within the Petersburg CSD where
it crosses the Allegheny structural front (Dixon, 1.939)

may invol ve deeper-level tear faults, and/or transfer

zones (see Chapter III).
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1. STRUCTURAL ANALYSIS ¢F TX M DDLE

MOUNTAIN SYNCLINE AND ELKHORN MOUNTAIN ANTICLINE

A Geologic Napping in the Middle Mountain

Syncline and Elkhorn Mountain Anticline

1. I ntroduction

Part of the Mddle Muntain syncline of the Valley
and Ridge province inWest Virginia (see Figure 2) was
chosen as a site for extensive field studies because it
exposes the Middle Devoni an shales®* and plunges across
the Parsons and Petersburg CSD's. The organical ly-rich
M ddl e Devoni an shal es exposed in the Middle Mountain svn-
cline are the mechanical equivalent of the Devonian Brown
shales in the western subsurface of the Appal achian Pl ateau
province to the west. A significant amount of gas is pro-
duced from the Devonian Brown shal es, and consi derabl e
effort has been directed through the Department of Energy's
Eastern Gas Shales Project to exploration for new reserves
of gas in these shales (Patchen, 1977). The effects on
exposed M ddl e Devoni an shales of deformation in the
underlying and nore conpetent Silurian and Lower Devonian

formations may be very simlar to the effect on buried

*Middle Devonian shales as used in this téxt wll in-
clude the Harrell Formation which is the |owernost for-
mation of the Upper Devoni an sequence.
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nroductive sShal es that overlay structures in the Middle
Devoni an Cnondzga Linmestone to the westc under the Plateau.
Deformati on of these nore conpetent limestores and sand-
stones in the low Platezu anticlines 1S much 40vre 1nt2as2
than that at higher structural levels (Gwinn, '1964).

Field studies were focused in the vicinity of the
proposed intersection (Wheeler, 1978, 19380) of the Parsons
CSD with the Middle Mountain svncline (See Figure 2) A
sout hwest -t o-nort heast plunge in Devonian Oriskany struc-
ture across the opronosed extension of the discontinuity
can be obtserved on the Vest Mirginia state geologic man
(Cardwell, et al, 1968). This plunee in structural |evel
was exam ned through detailed surface rapping of exnosed
stratigraphic formati ons and studies of systematic joint
intensities throughoﬁt exposed Middle and Upper Devoni an
formations. I n addition, this work continues previous
structural studies of this area underteken by the author
(Wlson, 1979a, 1979b).

This chapter will zttempt to answer the following
questions: Do interruptions in structure along the length
of the Middle Devoni an syncline and zdj acent Zikhorn Moun-
tain anticline represent part of the inferred regional
cross-strike structural discontinuitv? What similarities
and dissimlarities exist between structural features

observed in these Valley and Ridge structures and those
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reported for the areas across the Parscons CSD of the

Pl at eau (Henderson, 1973, Vheeler, et al, 1974 1976,
Mullennex, 1376; Trumbo, "~ ©76; Dixon, 1979)? Al so, how
are the structural features Wthin the Fiddle Mountain
area simlar or dissimilar to those reported for the
Petersburg CSD (WIlson, 1976; Wheeler, et al, 1974;
McColloch, 1977, LaCaze, 1975; Sites, 1978, Dixon, 1930)?

2. Stratigraphy

Silurian znd Devonian units are exposed w thin areas
of the Middie Mountain syncline and Elkhorn Mountain eanti-
clines mapped by the author (see Figure 3). Field iden-
tification was made on the basis of nunerous published
descriptions of the Silurian and Devonian formations exposed
within this study area and in surroundi ng areas. Det ai | ed
mappi ng anc¢ descriptions of: the stratigraphy along the
WIlls Muntain anticline adjacent to the west of this area
are presented by Perry (1971). Sites (1971) nresents des-
criptions of Silurian and Lower Devonian formations exposed
in the Cave Mountain anticline northwest of the study area.
Sites (1978) describes Silurian, and Lower and Middle Devo-
nian formations exposed in the Petersburg region north of
this study area. Descriptions of the Lower and Middle

Devoni an section along the Patterson Creel; anticline in

Pendl eton and Hardy Counties, West Virginia, presented in
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McColloch (1976) were also useful. Additional inforna-
tion on Mddle and Upper Devonian units is presented in
Dennison (1961, 1963), Dennison and Hasson (1974), Hasson
(1972), and Hasson and Dennison (1974). Perhaps the nost
conpl ete description of the rock units exposed in the
study area is found in the Pendleton County Report

(Tilton, Prouty, and Price, 1927).

3. Structural Setting

The Middle Mountain syncline lies in the Valley and
R dge province of the Appal achians of West Virginia (see
Figure 2). Adjacent to the Middle Mountain svncline al ong
its northwest flank is the Cave Muntain anticline, an allo-
cht honous bl ock, thrust along high-angle listric surfaces
arising frbma thrust in the Ordovician Reedsville Fornma-
tion (Sites and \Weeler, 1977). The Cave Mountain anti-
cline lies on the southeast linb of the wills Mountain anti-
cline, which rises froma decollenent in the Canbrian 'aynes-
boro Formation (Perry, 1971, 1975; Jacobeen and Kanes, 1974,
1975; Sites, 1978) and represents the northwesternmost
large structure of the Valley and Ridge province. The Elk-
horn Mountain anticline is sheared by several |ow angle
reverse faults in a manner |ess intense than, but simlar
to, that of the Cave Mountain anticline, and represents a
Aetachment rizine cut af the Nrdevician Reedsville Feorra-

tion along with possible detachnments in the Silurian Wills



[PRWIRN

¥.Va.Univ. D‘é‘bt. of Geology & Geograph
Decenber 1930 & gl4p !

Creek and/or Ordovician Juniata Tormations.

As nentioned above (section A.1 of this chanter),
a northeastward drop in Devonian Oriskzny Sandstone Struc-
ture can be observed across the extension of the Parsons
CSD.  The WIIs Mcuntain anticline al SO plunges across the
Parsons CSD (see geologic maps Of Cardwell, et al, 1968;
Tilton, et al, 1927, Perry, 1975). Bobs Ridge anticline,
Cave Mountain anticline, and other anticlines between the
WIlls Muntain anticline and Middle Mountain syncline ter-
nmnate within or near the extension of the Parsons discon-
tinuity (Figure 2). Similarly, to the southeastof the
Middle Mountain syncline, the Long Ridse anticline overlaps
with the Elkhorn Mountain anticline in the Parsons CSD.
The former plunges out, but the latter continues to the
northeast beyond the discontinuity. Other structural fea-
tures discontinuous across the extension of the Parsons CSD

w || be discussed in Chapter II1.

4. Surface and Subsurface Structure in the Mav Area

The portions of the Middle Mountain syncline and

Elkhorn Momt air: anticline, manped in this study , are shown
on Figure 3. Contours Of bedding divo over the syncline
along with a strike-line map of this structure presented

in WIlson (1972%2a) were used to | ocate the axial trace of

the M ddl e Mountain syncline. The westward 3end in the
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Figure 3: Geologic map of the Middle Mountain Syncline

and the Elkhorn Mountain Anticline
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axial trace of the syncline across the plunge out of the
M ddl e Devonian formations is produced by an anticline on
the syncline's southeast linb that dies out northeastward
beneath the M ddl e Devonian formations (Figure 3). The
presence and extent of this anticline are illustrated in
cross sections CC & BB (see Figures 4 and 5) (see Figure
3 for locations of the sections). Disruption of bedding
dip and large standard deviations of bedding dip extend
approximately two mles northeast of this anticline
(Wlson, 1979%a, 1979b). R \Weeler (oral conmunication,
1978) has suggested that the disrupted shales may be re-
lated to a northeastward continuation of this anticline

in the subsurface. Cross sections BB (Figure 5) shows
the presence of folded Lower Devonian and Silurian for-
mations on the syncline's southeast linb. Detailed map-
ping of surface structures in this area also reveals that
extensive folding and faulting have thickened the Devonian
Neednore, Marcellus, and Mahantango Formations by two to
three times their normal thicknesses (see Figure 5). The
faults in the shales are related to thrust faults that cut
across nmore brittle Lower Devonian and Silurian formations:;
probably representing splay thrusts that rise froma decol -
| ement in the Ordovician Martinsburg Formation to a decol -
| ement or